Introduction
Endometrial stromal cells of the rat and mouse uterus in response to the implanting blastocyst or certain artificial stimuli undergo proliferation and differentiation resulting in the formation of the decidual cells of the decidua of pregnancy or the deciduoma of pseudopregnancy (De Feo, 1967; Finn, 1971; Psychoyos, 1973) . The process, termed decidualization or the decidual cell reaction, has been studied in vivo at the morphological and, more recently, at the biochemical level (Denari, Germino & Rosner, 1976; Ledford, Rankin, Markwald & Baggett, 1976; Rankin, Ledford & Baggett, 1977; Ledford et al, 1978 ; Moulton & Blaha, 1978; Moulton, 1979; Serra, Ledford & Baggett, 1979) . The appearance of bi-, tri-and multinucleated cells, polyploid nuclear populations (Krehbiel, 1937;  Leroy, Bogaert, Van Hoeck & Delcroix, 1974) and of abundant thin cytoplasmic filaments (Tachi, Tachi & Lindner, 1970) are constant features of early decidualization. Many of the biochemical parameters investigated in this system may reflect cellular growth, but more recent studies suggest that more specific alterations of protein synthesis are associated with the system (Yoshinaga, 1972 (Yoshinaga, , 1974 Glasser & Clark, 1975;  Bell, 1979a, b, c) . The decidua and deciduoma have a limited life-span and the tissue regresses after approximately 2 weeks (Velardo, Dawson, Olsen & Hisaw, 1953; De Feo, 1967) .
In spite of these investigations, however, the mechanisms involved in the development and regression of decidual tissue have not been determined. Progress in this area may be facilitated by the development of in-vitro systems of decidual cell differentiation. Decidualization in vitro has been reported for endometrial stem cells from hormone-treated ovariectomized rats (Sananes, Weiller, Baulieu & Le Goascogne, 1978) and from pseudopregnant rats treated intraluminally with pyrathiazine hydrochloride (Vladimirsky, Chen, Amsterdam, Zor & Lindner, 1977) . In these reports endometrial cells were hormonally sensitized in vivo prior to culture, and although evidence for decidual cell differentiation in these cultures was presented, major differences in cell morphology were apparent. In the present study we report the establishment of an in-vitro system demonstrating decidual differentiation of mouse endometrial cells and provide a possible explanation for the discrepancies in the previous reports.
Materials and Methods

Animals
The inbred mouse strains CBA/Ca and A were used. Cyclic 3-month-old females were paired with males of proven fertility and the morning on which a copulatory plug was found was designated Day 1 of pregnancy. On Day 4 between 12:00 and 15:00 h these animals were injected intraluminally with 10 µ arachis oil (Hopkin & Williams, Chadwell Heath, Essex, U.K.)
per uterine horn, to induce deciduoma formation. Other groups of 3-month-old females were ovariectomized under ether anaesthesia 14 days before experimental treatment. One group of animals received oestradiol daily for 3 consecutive days and after a rest period of 3 days received oestradiol (10 ng) and progesterone (1 mg) daily for 3 consecutive days, both hormones being administered s.c. in 0-1 ml arachis oil (Ledford et al, 1976 fig. 1 ). An increase in cytoplasmic volume and nuclear area was observed, resulting in a paucity of intercellular space, and binucleated cells also occurred after 3 days (maximum 2-5%).
Increasing the seeding density to 1-5 IO3 (plating density at 24 h = 215 cells/mm2) resulted in further prolongation of cell survival, cell loss now being observed after 6-9 days of culture and a substantial increase in the number of binucleated cells on the third day (maximum 9% Fig. 8 ). Small quantities of condensed chromatin lined the inner nuclear membranes. After 96 h in culture irregularly shaped nuclei characterized by deep cytoplasmic protrusions were frequently observed (PL 2, Fig. 10 ).
Within the cytoplasm large amounts of filamentous material were distributed amongst the cytoplasmic organelles and appeared to be arranged into tracts of filaments running in several planes (PL 2, Fig. 9 ). Mitochondria and numerous free polysomes were the only cytoplasmic organelles observed in these filamentous areas. An identical arrangement of cytoplasmic filaments characterizes mouse decidual tissue in vivo (R. F. Searle, unpublished observations). The cisternae of the well-developed rough endoplasmic reticulum were often dilated and contained an electron-dense homogeneous material (PL 2, Fig. 8 ). Numerous free polysomes were also present in the cytoplasm and flat spiral polysomes were observed attached to the rough endoplasmic reticulum (PL 2, Fig. 8) . In some cells, the Golgi zones were well developed. After periods of culture in excess of 96 h there was a marked accumulation of small lipid droplets, lysomes and autophagic vacuoles within the cytoplasm.
Nuclear size. To obtain a measure of the incidence and the degree of polyploidy in the cell cultures estimations of nuclear area were made. The nuclear area of cells explanted 0 h after intraluminal instillation of oil increased 4-fold during 6 days of culture (170 ± The number of nucleoli, which stained densely with Giemsa, varied from 1 to 6 per nucleus, and were larger when there were fewer. Nuclei from cells explanted at 0 to 24 h, after 6 days in culture, and at 48 h after 3 days, became multi-lobular and very irregular in shape (PL 1, Fig. 7 ; PL 2, Fig. 8) .
Effect of hormone supplementation. To determine whether the rate of division or the life-span of decidual cells in culture could be increased, the culture medium was supplemented with approximately physiological concentrations of oestrogen (10-9 m) and progesterone (10~7 m), the hormones involved with the induction of the decidual cell reaction and the maintenance of decidual tissue in vivo. Addition of these hormones had no effect upon any of the parameters examined in this study. (Jollie & Bencosme, 1965; Tachi et al, 1970; Ansell, Barlow & McLaren, 1974; Sananes & Le Goascogne, 1976 (Vladimirsky et al, 1977; Sananes et al, 1978) , but have been observed in vivo in the pseudopregnant deciduoma-bearing rat (Kleinfeld, Morrow & De Feo, 1976) . In both morphological types an increase in the DNA content of the cells may be surmised-at the lower densities, the dramatic increase in the area of the single nucleus which correlates with the degree of ploidy (Barlow & Sherman, 1972) , and at the higher densities when binucleation was observed. The former probably arise through endoreduplication (Ansell et al, 1974; Leroy et al, 1974) and the latter through karyokinesis without subsequent cell division (Ansell et al, 1974) .
In vivo, decidualization in appropriately hormone-primed animals requires the application of a 'decidual stimulus'. It is possible that the uteri from the pregnant animals had received a decidual stimulus from unimplanted blastocysts although this would not apply to the hormone-primed ovariectomized animals. As in previous reports, the observation of decidual differentiation in cells explanted from unstimulated uteri indicates that the experimental procedure employed to isolate uterine cells must be equivalent to the decidual stimulus in vivo (Vladimirsky et al, 1977; Sananes et al, 1978) . The apparent independence of decidual differentiation in vitro from the presence of progesterone is difficult to explain since maintenance of decidualization in vivo exhibits complete dependence upon the presence of this hormone (Finn, 1971; Psychoyos, 1973; Glasser & Clark, 1975 (1977) seeded endometrial cells at a density of 55 cells/mm2, equivalent to the lower densities used in the present study, and obtained stellate cells identical to those described here. However, we observed colony-forming cells rather infrequently, and due to their similarity to the colony-forming cells found in cultures of uteri from ovariectomized mice we consider these to be epithelial cells. Luminal epithelial cells, after being exposed to the hormone regimen necessary for implantation and a decidual stimulus, exhibit 'programmed cell death' (Finn & Porter, 1977) . According to the method of induction employed, epithelial cells may escape this mechanism and give rise to viable stem cells.
The ability to obtain reproducible decidual cell differentiation in vitro in the mouse provides the opportunity to investigate a number of outstanding problems associated with decidualization, such as the synthesis of decidual cell specific products (Bell, 1979a, b) and the identity of the la-bearing cells in the decidua basalis (Jenkinson & Searle, 1979) .
